Background: Vitamin D exerts regulatory roles via vitamin D receptor (VDR) in mucosal 27 immunity, host defense, and inflammation involving host factors and microbiome. Human Vdr 28 gene variation shapes the microbiome and VDR deletion leads to dysbiosis. Low VDR expression 29 and diminished vitamin D/VDR signaling are observed in colon cancer. Nevertheless, how 30 intestinal epithelial VDR is involved in tumorigenesis through gut microbiota remains unknown.
In the current study, we have demonstrated that VDR deficiency in intestine leads to bacterial 179 profile shift from normal to susceptible carcinogenesis. VDR ΔIEC mice have higher tumor numbers 180 with tumor location shifted from distal to proximal colon. Enhanced bacterial staining was found 181 in tumors. Microbial metabolites from VDR ΔIEC mice showed elevated secondary bile acids, which 182 is consistent with the observations in human CRC. Furthermore, our study provides the 183 mechanism of VDR dysfunction leading to dysbiosis and tumorigenesis through the 184 hyperfunctioned Jak2. Fecal samples from VDR ΔIEC mice enhance the STAT3 activation in human 185 and mouse organoids. A JAK/STAT inhibitor abolished the microbiome-induced activation of 186 STAT3. Our study fills the gaps by revealing mechanisms that are important to normal intestinal 187 homeostasis and to chronic inflammation and dysbiosis, thus suggesting new therapeutic targets 188 for restoring VDR functions in colitis-associated colon cancer ( Fig. 7d working model).
190
Epidemiological and experimental studies have indicated a protective action of vitamin D against 191 colorectal cancer [22] [23] [24] [25] [26] [27] . Vitamin D3 exerts its chemopreventive activity by interrupting a crosstalk 192 between tumor epithelial cells and the tumor microenvironment in a VDR-dependent manner [23] .
193
Moreover, there is increasing interests regarding the use of vitamin D compounds for disease 194 prevention and therapy [28] . If we do not understand the mechanism of the receptor of vitamin D, 195 vitamin D taken by people may not be used effectively and efficiently. Hence, our current study 196 fills the gap by characterizing the precise role for intestinal epithelial VDR in colon cancer models.
198
Endogenous enteric bacteria play a crucial role in the pathogenesis of colon cancer [29] .
199
Dysregulation of bacterial-host interactions can result in chronic inflammatory and development 200 of cancer [30, 31] . Multiple mechanisms of VDR affects cancers have been found, focusing on epithelial integrity and attenuates inflammation. Thus, it is not surprising that the mucosal 229 inflammation associated with VDR downregulation in intestine contributes to the initiation and 230 progression of colon cancer. 
259
Mice were treated with 10mg/kg of AOM (Sigma-Aldrich, Milwaukee, WI, USA) by intraperitoneal 260 injection as previously described [41] . After a 7-day recovery period, mice received three cycles 261 of 2% DSS in the drinking water. The initial sample size was 30 mice in the control group with no 262 treatment and 30 in each experimental group. Tumor counts and measurements were performed 263 in a blinded fashion under a stereo-dissecting microscope (Nikon SMZ1000, Melville, NY, USA).
264
Microscopic analysis was performed for severity of inflammation and dysplasia on hematoxylin 
271
and 50 U/ml penicillin (Mediatech, Inc., 30-002CI), as previously described [42, 43] . 
285
Fresh feces were collected from 5 healthy VDR LoxP or VDR ΔIEC mice (8 weeks) and then well- 
314
following antibodies were used: anti-CD3, anti-CD11B and anti-CD68 (Santa Cruz Biotechnology),
315
Slides were washed 3 times for 5 minutes each at room temperature in wash buffer. Samples sonication, 10 s pausing, Branson Sonifier 250, USA). The chromatin samples were pre-cleared salmon sperm DNA-bovine serum albumin-sepharose beads. DNA was prepared by treatment 386 with proteinase K, extraction with phenol and chloroform, and ethanol precipitation. Searching 387 mouse ATG16L1 gene, we found a similar sequence as the VDRE sequence "(G/A)G(G/T)TCA".
388
We then designed primers for ChIP. PCR was performed using the following promoter specific 389 primers:
Jak2 forward, 5'-TGAATCCCAGGACACATTT-3'; reverse, 5'-
390
GGTAAGCCACTGAAGGTT-3'.
392
Histology of Intestine
393
Intestines were harvested, fixed in 10% formalin (pH 7.4), processed, and paraffin embedded.
394
Sections (5μm) were stained with H&E. For immunostaining, antigens were retrieved by 10-395 minute boiling in 10 mM citrate (pH 6.0). The slides were stained with antibodies as previously 
444
Following receipt, samples were assigned a unique identifier by the LIMS (laboratory information 
Figure legends

